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the diftance‘of the primary planet’s furface from the fame : 
and from hence is deduced the proportion between the power 
of gravity upbn the furface of one planet, to the gravity upon 
the furface offanother. By the like method of comparing 
the dare time of a primary planet about the fun, with 
the revolution of a fatellite about its printary, may be found 
the proportion of gravity, or of the weight of any bedy up- 
on the furface of the fun, to the gravity, or to the weight of 
the fame body upon the furface of the planet, which carries 
about the fatellite, 


17. By thefe kinds of computation it is found, that the 
weight of the fame body upon the furface of the fun will 
be about 23 times as great, as here upon the furface of the 
earth ; about 10, times as great, as upon the furface of Jupi- 
ter; and near 19 times as great, as upon the furface of Saturn *. 


18. THe quantity of matter, which compofes each of 
thefe bodies, is proportional to the power it has upon a 
body at a given diftance. By this means it is found, that the 
fun contains 1067 times as much matter as Jupiter; Jupi- 
ter 184 times as much as the earth, and 24 times as much 
as Saturn ®, The diameter of the fun is about 92 times, 
that of Jupiter about 9 times, and that of Saturn about 
+ times the diameter of the earth.. 


» Newt. Princ, Lib. ILI. prop. 8 coroll. 1. » Ibid, corol. 3 
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19. By making a comparifon between the ‘quantity of 
matter in thefe bodies and their magnitudes, to be found 
from their diameters, their refpective denfities are readily 
deduced ; the denfity of every body being menfured by the 
quantity of matter contained under the fame bulk, as has 
been above remarked *» ‘Thus the earth is found 4.: times 
more denfe than Jupiter ; Saturn has between ; and ? of tHe 
denfity of Jupiter ; but the fun has one aes part ‘only of 
the denfity of the earth>. From which this obfervation is drawn 
by our author ; that the fun is rarified by its great heat, and that 
of the three planets named, the more denfe is nearer the fun 
than the more rare; as was highly reafonable to expeat, the 
denfeft bodies requiring the greateft heat to agitate and put 
their parts in motion ; as on the contrary, the planets which 
are more rare, would be rendered unfit for their office, by 
the intenfe heat to which the denfer are expofed. Thus the 
waters of our feas, if removed to the diftance of Saturn from 
the fun, would remain perpetually frozen; and if as near 
the fun as Mercury, would conftantly boil * 


20. Tue. denfities of the three planets.Mercury, Venus, 
and Mars, which, have no fatellites, cannot be exprefly affign- 
ed; byt from what is found.in the others, it is very. proba- 
He. that they alfo are of fuch different degrees. of denfity, 
that univerfally the planet which is neareft, to the. fun, is 
formed of the moft compact fubftance. 


* Book L.Ch.4.§2. » Newt. Princ. Lib. III. prop. & coroll. 3. © Ibid. coroll. 4. 
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Cuape. VI. 


Of thy} FLUID PARTS of the 
PLANETS. 


TT globe, that we inhabit, is compofed of two parts; 

the folid earth, which affords us a foundation to dwell 
upon; and the feas and other waters, that furnifh rains and 
vapours neceffary to render the earth fruitful, and produétive 
of what is requifite for the fupport of life. And that the 
moon, though but a fecondary planet, is compofed in like 
manner, is generally thought, from the different degrees of 
light which appear on its furface; the parts of that planet, 
which reflect a dim light, being fuppofed to be fluid, and to 
imbibe the fun’s rays, while the folid parts refleé& them more 
copioufly, Some indeed do not allow this to be a conclufive 
argument: but whether we can diftinguifh the fluid part of 
the moon’s furface from the reft or not; yet it is moft proba- 
ble that there are two fuch different parts, and with ftill great- 
er reafon we may afcribe the like to the other primary planets, 
which yet more nearly refemble our earth. The carth is alfo 
encompafied by another fluid the air, and we have before re- 
marked, that probably the reft of the planets are furrounded 
by the like. Thefe fluid parts in particular engage our au- 
thor’s attention, both by reafon of fome remarkable appear- 
ances peculiar to them, and likewife of fome effects they 
have upon the whole bodies to which they belong. 


4 2. Fiurps 
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2. Fiurpehave been already treated of in ‘general, with 
refpect to the effect they. have upon folid bodies ‘moving in 
them*; now we mul¥ confider them in | reference to the ¢ ‘ope- 
ration of the power of gravity «upon ther. | * By. this po wet 
they are rendered weighty, like all other bodies," n proportion 
to the quantity of matter, which is contained in taem, And 
in any quantity of a fluid the upper parts prefs upon the lower 
as much, as any folid body would prefs on another, wheréon 
it fhould lie. But there is an effeé of the preffure of fluids on 
the bottom of the veffel, wherein they are contained, which I 
fhall particularly explain. The force fupported by the bot- 
tom of fuch a veffel is not fimply the weight of the quantity 
of the fluid in the veffel, but is equal to the weight of that 
quantity of the fluid, which would be contained in a veffel of 
the fame bottom and of equal width throughout, when this 
veflel is filled up to the fame height, as that to which the vef- 
{el propofed is filled. Suppofe water were contained in the 
veffel ABCD (in fig.109.) filled up toRF. Here it is evident, 
that if a part of the bottom, as GH, which is dire@ly under 
any part of the {pace EF, be confidered feparately ; it will ap- 
pear at once, that this part fuftains the weight of as much of 
the fluid, as ftands perpendicularly over it up to the height of 
EF; that is, the two perpendiculars GI and HK being drawn, 
the part GH of the bottom will fuftain the whole weight of 
the fluid included between thefe two perpendiculars. Again, 
I fay, every other part of the bottom equally broad with this, 
will fuftain as great a preflure. Let the part LM be of the 





® Book I. Ch.q. 
fame 


Cur.6 PHILOSOPHY. 26 


fame breadth with GH. Here the perpendiculars Lo and 
MN being drawn, the quantity of* water contained between 
thefe perpendiculars is not fo great, as that contained between 
the perpendifularsG I and HK; yet, I fay, the preffure on LM 
will be equgl to that on GH. This will appear by the fol- 
lowing confiderations. It is evident, that if the part of the 
veffel between O and N were removed, the water would im- 
mediately flow out, and the furface EF would fubfide ; for 
all parts of the water being equally heavy, it muft foon form 
itfelf to a level furface, if the form of the veffel, which con- 
tains it, does not prevent. Therefore fince the water is pre- 
vented from rifing by the fide NO of the veffel, it is mani- 
feft, that it muft prefs againft N O with fome degree of force. 
In other words, the water between the perpendiculars 1, 0 and 
MN endeavours to extend itfelf with a certain degree of force; 
or more correctly, the ambient water preffes upon this, and. 
endeavours to force this pillar or column of water into a grea- 
ter length. But fince this column of water is fuftained be- 
tween NO and LM, each of thefe parts of the veffel will be 
equally preffed againft by the power, wherewith this column 
endeavours to extend. Confequently LM bears this force 
over and above the weight of the column of water between 
LOand MN. Toknow what this expanfive force is, let the 
part ON of the veffel be removed, and the perpendiculars LO 
and MN be prolonged ;_ then by means of fome pipe fixed 
over N Olet water be filled between thefe perpendiculars up to 
PQan equal height with EF. Here the water between the per- 
pendiculars L P and M Q is of an equal height with the high- 


eft part of the water in the veffel; therefore the water in the 
Mm ‘veficl 
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veffel cannot by its preffure force it up higher, nor can the 
water in this column fubfide; becaufe, if it fhould, it would 
raife the water in the veffel to a greater heigh than itfelf. 
But it follows from hence, that the weight of ra contained 
between PO and QN is a juft balance to the force\wherewith 
the column between LO and MN endeavours to extend. So 
the part LM of the bottom, which fuftains both this force 
and the weight of the water between LO and MN, is pref- 
fed upon by a force equal to the united weight of the water 
between LO and MN, and the weight of the water between 
PO and QN; thatis, it is preffed on by a force equal to the 
weight of all the water contained between LP and MQ, And. 
this weight is equal to that of the water contained between 
GI and Hk, which is the weight fuftained by the part GH 
of the bottom, Now this being true of every’ part of the 
bottom BC, it is evident, that if another veffel RS TV be 
formed with a bottom R V equal to the bottom BC, and be 
throughout its whole height of one and the fame breadth; 
when this veffel is filled with water to the fame height, as the 
veflel ABCD is filled, ‘the bottoms of thefe two veffels thall 
be preffed upon with equal force. If the veffel be broader 
at the top than at the bottom, it is evident, that the bottom 
will bear the preffure of fo much of the fluid, as is perpen- 
dicularly over it, and the fides of the veffel will fupport the 
reft, ‘This property of fluids is a corollary from a propofi- 
tion of our author*; from whence alfo he deduces the ef- 


fects of the preffure of fluids on bodies refting in them. 
® Lib, JI, prop. 20. cor. 2. 


Thefe 
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Thefe are, that any body heavier than a fluid will fink to 
the bottom of the veffel, wherein the fluid is contained, 
and in the Quid will weigh as much as its own weight cx- 
ceeds the weight of an equal quantity of the fluid ; any body 
uncompreflible of the fame denfity with the fluid, will reft 
any where in the fluid without fuffering the leaft change ei- 
ther in its place or figure from the preffure of fuch a fluid, 
but will remain as undifturbed as the parts of the fluid them- 
felves; but every body of lefs denfity than the fluid will 
{wim on its furface, a part only being received within the 
fluid. Which part will be equal in bulk to a quantity of the 
fluid, whofe weight is equal to the weight of the whole bo- 
dy; for by this means the parts of the fluid under the bo- 
dy will fuffer as great a preffure as any other parts of the 
fluid as much below the furface as thefe. 


3. In the next place, in relation to the air, we have a- 
bove made mention, that the air furrounding the earth being 
an elaftic fluid, the power of gravity will have this efiect 
on it, to make the lower parts near the furface of the earth 
more compact and compreffed together by the weight of 
the air incumbent, than the higher parts, which are pref 
fed upon by a lefs quantity of the air, and therefore fu- 
ftain a lefs weight *. It has been alfo obferved, that our au- 
thor has laid down a rule for computing the exact degree 
of denfity in the air at all heights from the earth >. But 
there is a farther effect from the air’s being comprefled by 


* Chap. 4. § 17. b Ibid. 
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the power of gravity, which he has diftinély confidered. 
The air being elaftic and in a ftate of compreffion, any tre- 
mulous body will propagate its motion to the air, and excite 
therein vibrations, which will fpread from th body that 
occafions them to a great diftance. This is the efficient cause 
of found: for that fenfation is produced by the air, which, 
as it vibrates, ftrikes againft the organ of hearing. As this 
fubject was extremely difficult, fo our great author’s fuccefs 
is {urprizing. 


4. Our author’s dodtrine upon this head I fhall endea~ 
vour to explain fomewhat at large. But preliminary thereto 
muft be fhewn, what he has delivered in general of pref 
fure propagated through fluids; and alfo what he has fet 
down relating to that wave-like motion, which appears up- 
on the furface of water, when agitated by throwing any thing 
into it, or by the reciprocal motion of the finger, &c. 


gy. Concernine the firft, it is proved, that preffure is 
fpread through fluids, not only right forward in a fireight 
line, but alfo laterally, with almoft the fame eafe and force. 
Of which a very obvious exemplification by experiment is. 
propofed : that is, to agitate the furface of water by the re- 
ciprocal motion of the finger forwards and backwards only ; 
for though the finger have no circular motion given it, yet the 
waves excited in the water will diffufe themfelves on each 
hand of the direGtion of the motion, and foon furround the 
finger. Nor is what we obferve in founds unlike to this, which 
do not proceed in ftraight lines only, but are heard though a 
1 mountain. 
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mountain intervene, and when they enter a room in any 
part of it, they {pread themfelves into every corner; not by 
refleGtion from the walls, as fome have imagined, but as 
far as the fenfe can judge, direétly from the place where they 
enter. 


6. How the waves are excited in the furface of ftagnant 
water, may be thus conceived. Suppofe in any place, the 
water raifed above the reft in form of a {mall hillock ; that 
water will immediately fubfide, and raife the circumambient 
water above the level of the parts more remote, to which the 
motion cannot be communicated under longer time. And 
again, the water in fubfiding will acquire, like all falling bo- 
dies, a force, which will carry it below the level furface, till. 
at length the preffure of the ambient water prevailing, it will 
rife again, and even with a force like to that wherewith it de- 
{cended, which will carry it again above the level. But in 
the mean time the ambient water before raifed will fubfide, 
as this did, finking below the level; and in fo doing, will 
not only raife the water, which firft fubfided, but alfo the wa- 
ter next without itfclf. So that now befide the farft hillock,, 
we fhall have a ring invefting it, at fome diftance raifed above: 
the plain furface likewife ; and between them the water wilt 
be funk below the reft of the furface. After this, the firft hil- 
lock, and the new made annular rifing, will defcend ; raifing 
the water between them, which was before depreffed, and like- 
wife the adjacent part of the furface without. Thus will thefe 
annular waves be fucceflively {pread more and more. For, 
as the hillock fubfiding produces one ring, and that ring fub- 
fiding- 
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fiding ‘raifes again the hillock, and a fecond ring ; {0 the hil- 
lock and fecond ring fubfiding together raife the firft ring, 
and a third ;. then chis firft and third ring fubfading together 
raife the fist hillock, the fecond ring, anda fourth; und fo 
on continually, till the motion by degrees ceafes. Now it is de- 
monftrated, that thefe rings afcend and defcend in the manner 
of a pendulum ; defcending with a motion continually acce- 
lerated, till they become even with the plain furface of the flu- 
id, which is half the {pace they defcend; and then being re- 
tarded again by the fame degrees as thofe, whereby they were 
accelerated, till they are depreffed below the plain furface, as 
muchasthey were before raifed above it: and that thisaugmen- 
tation and diminution of their velocity proceeds by the fame 
degrees, as that of a pendulum vibrating in a cycloid, and 
whofe length fhould be a fourth part of the diftance between 
any two adjacent waves: and farther, that a new ring is 
produced every time a pendulum, whofe length is four times 
the former, that is, equal to the interval between the fum- 
mits of two waves, makes one ofcillation or fwing *. 


7. THis now opens the way for underftanding the mo- 
tion confequent upon the tremors of the air, excited by 
the vibrations of fonorous bodies: which we muft conceive 
to be performed in the following manner. 


8 Ler A,B,C, D,¥,F,G,H (in fig. 110.) reprefent a foe 
ries of the particles of the air, at equal diftances from each 
other. IK Lamufical chord, which I fhall ufe for the tre- 


® Vid, Newt, Princ. Lit. II, prop. 46. 
mulous 
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mulous and fonorous body, to make the conception as fim- 
ple as may be. Suppofe this chord ftretched upon the points 
{and L, and forcibly drawn into the fituation IKL, fo that 
it become contiguous to the particle A in its middle point K : 
and let the chord from this fituation begin to recoil, preffing 
againit the particle A, which will thereby be put into motion 
towards B: but the particles A,B,C being equidiftant, the 
elaftic power, by which B avoids A, is equal to, and balan- 
ced by the power, by which it avoids C ; therefore the elaftic 
force, by which B is repelled from A, will not put B into any 
degree of motion, till A is by the motion of the chord brought 
nearer to B, than Bisto C: butas foonas that is done; the 
particle B will be moved towards C; and being made to ap- 
proach C, will in the next place move that; which will up- 
on that advance, put D likewife into motion, and fo on: 
therefore the particle A being moved by the chord, the fol- 
lowing particles of the air B, C, D, &c. will fucceffively be 
moved, Farther, if the point K of the chord moves for- 
ward with an accelerated velocity, fo that the particle A fhall 
move againft B with an advancing pace, and gain ground of 
it, approaching nearcr and nearer continually; A by approach- 
ing will prefs more upon B, and give it a greater velocity 
likewife, by reafon that as the diftance between the particles 
diminithes, the elaftic power, by which they fly each other, 
increafes. Hence the particle B, as well as A, will have its 
motion gradually accelerated, and by that means will more 
and more approach toc. And from the fame caufe C will 
more and more approach D; and fo of the reft. Suppofe 


now, fince the agitation of thefe particles has been {hewn to. 
be 
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be fucceffive, and to follow one another, that E be the re- 
moteft particle moved, - while the chord is moving from its 
curve fituation IK L into that of a ftreight line, as 1kL; and 
F the firft which remains unaffected, though juft upon the 
point of being put into motion. Then fhall the particles 
A, B, C, D, E, F, G, when the point K is moved into k, have 
acquired the rangement reprefented by the adjacent points 
4, b, c, d, e, fg: in which a is nearer to b than b toc, and 
2 nearer toc thane to d, and c nearer tod than d toe, and 


d nearer to e than ¢ tof, and laftly e nearer to f than f tog. 


9. But now the chord having recovered its re¢tilinear fi- 
tuation 14.L, the following motion will be changed, for the 
point K, which before advanced with a motion more and 
more accelerated, though by the force it has acquired it wil] 
go on to move the fame way as before, till it has advanced 
near as far forwards, as it was at firft drawn backwards ;_ yet 
the motion of it will henceforth be gradually leffened. The 
effe&t of which upon the particles a, 2, c, d, e, f, g will be, 
that by the time the chord has made its utmoft advance, and 
js upon the return, thefe particles will be put into a contrary 
rangement; fo that / fhall be nearer tog, thane to f/f, and 
é nearer to f than dto e; and the like of the reft, till you 
come to the firft particles a, b, whofe diftance will then be 
nearly or quite what it was at firft. All which will appear 
as follows. The prefent diftance between a and b is fuch, 
that the elaftic power, by which a repels J, is ftrong enough to 
maintain that diftance, though @ advance with the velocity, 
with which the ftring refumes its rectilinear figure; and the 

motion 
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motion of the particle a being afterwards flower, the 
prefent elafticity between @ and 4 will be more than 
fefficient to preferve the diftance between them. There- 
fore while it accelerates 6 it will retard 4 The di- 
{tance be will ftill diminifh, till 6 come about as near 
to c, as it is from @ at prefent;. for after the diftances 
ab‘and be are become equal, the particle 4 will continue 
its velocity fuperior to that of ¢ by its own power of in- 
activity, till fuch time as the increafe of elafticity between 
b and ¢ more than fhall be between @ and d fhall fup- 
prefs its motion: for as the power of inactivity in b made a 
greater clafticity neceffary on the fide of a than on the fide 
of ¢ to puth 4 forward, fo what motion b has acquired it will 
retain by the fame power of ina¢tivity, till it be fuppreffed 
by a greater elafticity on the fide of ¢, than on the fide of a. 
But as foon as b begins to flacken its pace the diftance of 6 
from ¢ will widen as the diftance a4 has already done. Now 
as a ads on b, fo will bone, cond, &c. fo that the diftan- 
ces between all the particles a, b,c, d, e, f,¢ will be fucceffively 
contracted into the diftance of @ from 6, and then dilated 
again. Now becaufe the time, in which the chord defcribes 
this prefent half of its vibration, is about equal to that it took 
up in defcribing the former ; the particles 4, b will be as long 
in dilating their diftance, as before in contradling it, and 
will return nearly to their original diftance. And farther, 
the particles b,c, which did not begin to approach fo foon 
as a,b, are now about as much longer, before they begin to 
recede; and likewife the particles c,d, which began to ap- 
proach after b,c, begin to feparate later. Whence it appears 
that the particles, whofe diftance began to be leffened, when 

Nana that 
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the preceding one be equal to its original diftance ; the 
whple chain a, 8,9 4,6 ¢,», having an undulating motion 

ara, which is ftopt gradually by the excefs of the ex- 
panfive power of the preceding parts above that of the 
hinder. Thus are thefe parts fucceflively ftopt, as before 
they were moved; fo that when the chord has regained its 
rectilinear fituation, the expanfion of the parts of the air 
will have advanced fo far, that the interval between 2 », 
which at prefent is moft contracted, will then be reftored 
to its natural fize: the diftances between » and §, § and a,a 
and x wands, » and &, being fucceflively contra@ed into 
the prefent diftance of ¢ from », and again enlarged; fo 
that the fame effeét thal] be produced upon the parts beyond 
fx, by the enlargement of the diftance between thofe two 
particles, as was occafioned upon the particles 4, 2, y, A, ¢, 
Cy ny 8) Ay ty E, by the enlargement of the diftance « & to 
its natural extent. And therefore the motion in the air 
will be extended half as much farther as at prefent, and 
the diflance between » and & contracted into that, which 
is at prefent between ¢ and », all the particles of the air 
in motion taking the rangement cxprefied in figure 
T1141. by the points ay By yy hy ty Cy yb Ay ty Hy Ss Hy Py Oy TOS 
wherein the particles from « to & have their diftances from 
each other gradually diminifhed, the diftances between the 
particles », being contracted the moft from the natural dift- 
ance between thofe particles, and the diftance between a, 4 as 
much augmented, and the diftance between the middle par- 
ticles ¢, » becoming equal to the natural. The particles z, »5 ¢, 
+, 9 which follow %, have their diftances gradually greater 
| Na 2 and 


276 SirIsAac NewrTon’s BooxIl. 


and greater, the particles », &, a; , ¢ 7, @ being ranged like 
the ae a, b,c, d, ef, g, or like the particles ¢, 1, By ay 
u, 1, € in the former figure. Here it will be underftood, by what 
has been before explained, that the particles ¢, » being at 
their natural diftance from each other, the particle ¢ is at 
reft, the particles ¢., y, 8, « between them and the ftring 
being in motion backward, and the reft of the particles 
ty 95 Ay kéy %y Ey Wy Py oy T IN Motion forward: each of the par- 
ticles between » and £ moving fafter than that, which im- 
mediately follows it; but of the particles. from & to g, on 
the contrary, thofe behind moving on fafter than thofe, 
which precede. 


14. Burt now the ftring having recovered its rectilinear 
figure, though it fhall go on recoiling, till it return near to its 
firft fituation IK L, yet there will be a change in its motion; fo 
that whereas it returned from the fituation Ix L with an ac- 
celerated motion, its motion fhall from hence be rctarded 
again by the fame degrees, as accelerated before. The ef- 
fe&t of which change upon the particles of the air will be 
this. As by the accelerated motion of the chord « con- 
tiguous to it moved fafter than @, fo as to make the in- 
terval a @ greater than the interval By, and from. thence g 
was made likewife to move fafter than y, and: the diftance be- 
tween @ and y rendered greater than the diftance between y. 
and #, and fo of the reft; now the motion of a being di- 
minifhed, @ fhall overtake it, and the diftance between 4 
and @ be reduced into that, which is at prefent between @ and 
y, the interval between @ andy being inlarged into the pre- 

fent 
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fent diftance between a and ¢; but when the interval @ >. 
ts ingreafed to that, which is at prefent between a and 8, 
) aiftance between y and # fhall be enlarged to the pre- 
fent diftance between y and 8, and the diftance between A 
and « inlargtd into the prefent diftance between y and & 3, 
and the fame of the reft. But the chord more and more. 
flackening its pace, the diftance between « and @ fhall be. 
more and more diminifhed; and in confequence of that the 
diftance between @ and y fhall be again contraéted, firft. in- 
to its prefent dimenfion, and afterwards into a narrower 
fpace; while the interval y # fhall dilate into that at prefent. 
between aand @, and as foon as it is fo much enlarged, it fhalk. 
contra@ again. ‘Thus by the reciprocal expanfion and con- 
traction of the air between « and ¢, by that time the chord. 
is got into the fituationIKL, the interval ¢» fhall be ex- 
panded into the prefent diftance between aand @; and by: 
that time likewife the prefent diftance of a from 8 will be 
contracted into their natural interval: for this diftance will. 
be about the fame time in contracting it felf, as has been. 
taken up in its dilatation ; feeing the {tring will be as long _ 
in returning from its rectilinear figure, as it has been in re- 
covering it from its fituationIxL. This is the change: 
which will be: made in the particles between « and. As: 
for thofe between ¢ and , becaufe each preceding parti-- 
cle advances fafter than that, which immediately follows it, 
their diftances will fucceffively be dilated into that, which. 
is at prefent between ¢ and » And as foon as any two: 
particles are arrived at their natural diftance, the hinder-. 
moft of them fhall be ftopt, and immediately. after return, 

the. 
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the diftances between the returning particles being greater 
than the natural. And this dilatation of thefe diftancessfhall 
extend fo far, by that time the chord is returned ine te-fird 
fituation IKL, that the particles »2 fhall be removed to their 
natural diftance. But the dilatation of »& fhall contraé& 
the interval rg into that at prefent between y and £, and the 
contraction of the diftance between thofe two particles + 
and g will agitate a part of the air beyond; fo that when 
the chord is returned into the fituation IKL, having made 
an intire vibration, the moved particles of the air will take 
the rangement exprefled by the points, /,77,7,0, 2,9,7,5s 
f,U,W, X,V5Z, 1,25 3545,5,6,7,8: in which /m, are at 
the natural diftance of the particles, the diftance m greater 
than /m, and zo greater than mx, and fo on, till you come 
to gr, the wideft of all: and then the diftarces gradually 
diminifh not only to the natural diftance, as wa’, but till 
they are contraéted as much as £ was before; which falls 
out in the points 2, 3, from whence the diftances augment 
again, till you come to the part of the air untouched. 


12. Turs isthe motion, into which the air is put, while 
the chord makes one vibration, and the whole length of air 
thus agitated in the time of one vibration of the chord our 
author calls the Jength of one pulfe. When the chord goes 
on to make another vibration, it will not only continue to 
agitate the air at prefent in motion, but {pread the pulfation 
of the air as much farther, and by the fame degrees, as be- 
fore. For when the chord returns into its re@ilinear fitu- 
ation IAL, /w fhall be brought into its moft contracted 

{tate 
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ftate, gr now in the ftate of greateft dilatation thall be re- 
duced to its natural diftance, the pdints w, 4 now at their 
neatuzat tiltance fhall be at their greateft diftance, the points 
2,3 now moft contracted enlarzed to their natural diftance, 
and the points 7, 8 reduced to their moft contracted ftate: 
and the contraction of them will carry the agitation of the 
air as far beyond them, as that motion was carried from the 
chord, when it farft moved out of the fituation IK L into: 
its rectilinear figure. When the chord is got into the fitu- 
ation IxL, /m {hall recover its natural dimenfions, gr be 
reduced to its ftate of greateft contraction, w.# brought to 
its natural dimenfion, the diftance 23 enlarged to the ut- 
moft, and the points 7,8 fhall have recovered their na- 
tural diftance; and by thus recovering themfelves they fhall 
agitate the air’to asgreat a length beyond them, as it was 
moved beyond the chord, when it firft came into the fitu- 
ation IxL. When the ¢hord is returned back again into 
its rectilinear fituation, /77 fhall be in its utmoft dilatation, 
gr reftored again to its natural diftance, ww reduced into 
its ftate of greateft contraction, 2 3 fhall recover its natu- 
ral dimenfion, and 7 8 be in its {tate of greateft dilatation. 
By which means the air fhall be moved as far beyond the points 
7,8, as it was moved beyond the chord, when it before made 
its return back to its rectilinear fituation ; for the particles 
4,8 have been changed from their fate of reft and their 
natural diftance into a flate of contraGion, and then have 
proceeded to the recovery of their natural diltance, and af- 
ter that to a dilatation of it, in the fame manner as the: 


particles contiguous to the chord were agitated before. 
the: 
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the laft place, when the chord is returned into the fituation 
YK L, the particles of aif from / to A fhall acquire their pre- 
fent rangement, and the motion of the air be extended as 
much farther. And the like will happen after every com- 
pleat vibration of the ftring, 


13. ConcERNING this motion of found, our author 
fhews how to compute the velocity thereof, or in what time 
it will reach to any propofed diftance from the fonorous 
body. For this he requires to know the height of air, hav- 
ing the fame denfity with the parts here at the furface of 
the earth, which we breath, that would be equivalent in 
weight to the whole incumbent atmofphere. This is to 
be found by the barometer, or common weatherglafs. In 
that inftrument quickfilver is included in a hollow glafs 
cane firmly clofed at the top. The bottom is open, but 
immerged into quickfilver contained in a veffel open to the 
air. Care is taken when the lower end of the cane is immer- 
ged, that the whole cane be full of quickfilver, and that no air 
infinuate itfelf. When the inftrument is thus fixed, the quick- 
filver in the cane being higher than that in the veflel, if 
the top of the cane were open, the fluid would foon fink 
out of the glafs cane, till it came to a level with that in 
the veffel. But the top of the cane being clofed up, fo 
that the air, which has free likerty to prefs on the quick- 
filver in the veffel, cannot bear at all on that, which is with- 
in the cane, the quickfilver in the cane will be fufpended 
to fuch a height, as to balance the preflure of the air on 
the quickfilver in the veffel. Here it is evident, that the 

| 1 weight 
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weight of the quickfilver in the glafs cane is equivalent to 
the preffure of fo much of the air, as is perpendicularly over 
the,kellow of the cane; for if the cane be opened that the 
air may enter, there will be no farther ufe of the quick{fil- 
ver to fuftain the preffure of the air without; for the quick- 
filver in the cane, as has already been obferved, will then fub- 
ftde to a level with that without. Hence therefore if the pro- 
portion between the denfity of quickfilver and of the air we 
breath be known, we may know what height of fuch air would 
form a column equal in weight to the column of quickfil- 
ver within the glafs cane. When the quickfilver is fuftain- 
ed in the barometer at the height of 30 inches, the height 
of fuch a column of air will be about 29725 feet; for in 
this cafe the air has about = of the denfity of water, and 
the denfity of quickfilver excceds that of water about 
13% times, fo that the denfity of quickfilver exceeds that 
of the air about 11890 times; and fo many times 30 in- 
ches make 29725 feet. Now Sir Isaac Newron de- 
rermines, that while a pendulum of the Jeneth of this column 
fhould make one vibration or fwing, the fpace, which any 
found will have moved, fhall bear to this length the fame 
proportion, as the circumference of a circle bears to the di- 
ameter thereof ; that is, about the proportion of 355 to 
113%. Only our author here confiders fingly the gradual 
progrefs of found in the air from particle to particle in the 
manner we have explained, without taking into confidera- 
tion the magnitude of thofe particles. And though there 
requires time for the motion to be propagated from one par- 


? Princ. philof. Lib. Il. prop. 49. 
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ticle to another, yet it is communicated to the whole of 
the fame particle in an ifftant: therefore whatever pronor- 
tion the thicknefs of thefe particles bears to their, «iftunce.. 
from each other, in the fame proportion will the motion 
of found be fwifter. Again the air we breath is not fim- 
ply compofed of the elaftic part, by which found is con- 
veyed, but partly of vapours, which are of a different na- 
ture; and in the computation of the motion of found we 
ought to find the height of a column of this pure air on- 
ly, whofe weight fhould be equal to the weight of the quick- 
filver in the cane of the barometer, and this pure air being a. 
part only of that we breath, the column of this pure air will 
be higher than 29725 feet. On both thefe accounts the 
motion of found is found to be about 114.2 feet in one {e- 
cond of time, or near 13 miles ina minute, whereas by the 
computation propofed above, it fhould move but 979 feet 
in one fecond. 


14. We may obferve here, that. from thefe demonftra- 
tions of our author it follows, that all founds whether a- 
cute or grave move equally fwift, and that found is fwifteft, 
when the quickfilver ftands higheft in the barometer. 


ry. ‘Txus much of the appearances, which are caufed in- 
thefe fluids from their gravitation toward the earth. They 
alfo gravitate toward the moon; for in the laft chapter it 
has been proved, that the gravitation between the earth and 
moon is mutual, and that this gravitation of the whole bo- 
dies arifes from that power acting in all their parts; fo that 
every 
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every particle of the moon gravitates toward the earth, 
and, every particle of the earth ‘toward the moon. But 
this*yrayitation of thefe fluids toward the moon produces 
no fenfible effea, except only in the fea, where it caufes 
the tides. 


e 16. Tuart the tides depend upon the influence of the 
moon has been the recciv’d opinion of all antiquity; nor is 
there indeed the leaft fhadow of reafon to fuppofe otherwife, 
confidering how fteadily they accompany the moon’s courfe, 
Though how the moon caufed them, and by what princi- 
ple it was enabled to produce fo diftinguifh’d an appearance, 
was a fecret left for this philofophy to unfold: which teaches, 
that the moon is not here alone concerned, but that the 
fun likewife Jhas a confiderable fhare in their production ; 
though they have been generally afcribed to the other lu- 
minary, becaufe its effect is greateft, and by that means 
the tides more immediately fuit themfelves to its motion; 
the fun difcovering its influence more by enlarging or re- 
ftraining the moon’s power, than by any diftin@ effeéts, 
Our author finds the power of the moon to bear to the 
power of the fun about the proportion of 4.5 to 1. This 
he deduces from the obfervations made at the mouth of 
‘the river Avon, three miles from Briftol, by Captain Srv x- 
meEy, and at Plymouth by Mr. Co.epresss, of the height 
to which the water is raifed in the conjunction and oppo- 
fition of the luminaries, compared with the elevation of it, 
when the moon is in either quarter; the firft being caufed 
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by the united actions of the fun and moon, and the o- 
ther by the difference of* them, as fhall hereafter be fhewn. 


17. Tuat the fun:fhould have a like effeé on the fea, 
as the moon, is very manifeft; fince the fun likewife attracts 
every fingle particle, of which this earth is compofed. And 
in both luminaries fince the power of gravity is reciprocally 
in the duplicate proportion of the diftance, they will not 
draw all the parts of the waters in the fame manner; but 
muft act upon the neareft parts ftronger, than upon the re- 
moteft, producing by this inequality an irregular motion. 
We fhall now attempt to fhew how the ations of the fun 
and moon on the waters, by being combined together, pro- 
duce all the appearances obferved in the tides. 


18. To begin therefore, the reader will remember what 
has been faid above, that if the moon without the fun would 
have defcribed an orbit concentrical to the earth, the action 
of the fun would make the orbit oval, and bring the moon 
nearer to the earth at the new and full, than at the quarters’. 
Now our excellent author obferves, that if inftead of one moon, 
we fuppofe a ring of moons, contiguous and occupying the 
whole orbit of the moon, his demonftration would ftill take 
place, and prove that the parts of this ring in paffing from the 
quarter to the conjunction or oppofition would be accelerated, 
and be retarded again in pafling from the conjunction or op- 
pofition to the next quarter. And as this effect does not de- 


a Chap. 3. § 18. 
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pend on the magnitude of the : ip whereof the ring is. 
compofed, the fame would hold,’though the magnitude of 
thef@imoons were fo far to be diminifhed, and their num- 
ber increafed, till they fhould forty a fluid*» Now the 
earth turng round continually upon its own: center, cauf- 
ing thereby the alternate change of day and night, while 
By this revolution each part of the earth is fucceflively 
brought toward the fun, and carried off again in the {pace. 
of 24 hours. And as the fea revolves round along with the 
earth itfelf in this diurnal motion, it will reprefent in fome 
fort fuch a fluid ring. 


19. Bur as the water of the fea does not move round 
with fo much fwiftnefs, as would carry it about the center 
of the earth in the circle it now defcribes, without being 
fupported by the body of the earth ; it will be neceflary to 
confider the water under three diftin@ cafes. The firft cafe 
fhall fuppofe the water to move with the degree of fwiftnels, 
required to carry a body round the center of the earth dif- 
ingaged from it in a circle at the diftance of the earth’s 
femidiameter, like another moon. The fecond cafe is, that 
the waters. make but one turn about the axis of the earth 
in the fpace of a month, keeping pace with the moon 3 
fo that all parts of the water fhould preferve continually 
the fame fituation in refpeé&t of the moon. The third 
cafe fhall be the real one of the waters moving with a ve- 
locity between thefe two, neither fo {wift as the firft cafe: 
requires, nor fo flow as the fecond. 


* Newt. Princ. philof, Lib, I. prop. 66, coroll, 18% 
20. In. 
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20. In the firft cafe the waters, like the body which 
they equalled in velocity, “by the action of the moon would 
be brought nearer the center under and oppofite to théTioon, 
than in the parts in the” middle between thefe ecaftward or 
weftward. That fuch a body would fo alter its diftance by 
the moon’s action upon it, is clear from what has been 
mentioned of the like changes in the moon’s motion caufed 
by the fun* And computation fhews, that the differ- 
ence between the greateft and leaft diftance of fuch a body 
would not be much above 4 + feet. But in the fecond 
cafe, where all the parts of the water preferve the fame fitua- 
tion continually in refpect of the moon, the weight of thofe 
parts under and oppofite to the moon will be diminifhed 
by the moon’s action, and the parts in the middle between 
thefe will have their weight increafed: this being effected 
juft in the fame manner, as the fun diminifhes the attradi- 
on of the moon towards the earth in the conjunction and 
oppofition, but increafes that attraction in the quarters, 
For as the firft of thefe confequences from the fun’s ac- 
tion on the moon is occafioned by the moon’s being at- 
traced by the fun in the conjunction more than the earth, 
and in the oppofition lefs than it, and therefore in the 
coramon motion of the earth and moon, the moon is 
made to advance toward the fun in one cafe too faft, and 
in the other is left as it were behind; fo the earth will 
not have its middle parts drawn towards the moon fo ftrong- 
ly as the nearcr parts, and yet more forcibly than the re- 
moteft: and therefore fince the earth and moon move each 

268. 
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month round their common cepter of gravity*, while 
the earth moves round this senigh the fame effect will be 
prodused, on the parts of the Water neareft to that cen- 
ter or to the moon, as the rnoon Te from the fun when 
in conjunétion, and the water on the contrary fide of the 
earth will be affected by the moon, as the moon is by the 
fan, when in oppofition ®; that is, in both cafes the weight 
of the water, or its propenfity towards the center of the 
earth, will be diminifhed. The parts in the middle between 
thefe will have their weight increafed, by being prefled 
towards the center of the earth through the obliquity of 
the moon’s action upon them to its action upon the earth’s 
center, juft as the fun increafes the gravitation of the moon 
inthe quarters from the fame caufe*. But now it is mani- 
feft, that where the weight of the fame quantity of water 
is leaft, there it will be accumulated; while the parts, which 
have the greateft weight, will fubfide. Therefore in this 
cafe there would be no tide or alternate rifing and falling 
of the water, but the water would form it felf into an 
oblong figure, whofe axis prolonged would pafs through 
the moon. By Sir Isaac Newron’s computation the 
excefs of this axis above the diameters perpendicular to it, 
that is, the height of the waters under and oppofite to the 
moon above their height in the middle between ‘ucte pla- 
ces eaftward or weftward caufed by the monn, is about 
8 = feet. 
® Ch. 3. § 5. bCh. 3. § 17, © Tpid. 
21, Tuvs 


288 SirIsaac Newton’s BooxIL 


21. Tuus the diffeyence of height in this latter fup- 
pofition is little fhort oft twice that difference in the pre- 
ceding. But the cafe of the fea is a middle between thefe 
two: for a body, whye fhould revolve round the center 
of the earth at the diftance of a femidiameter without preffing 
on the earth’s furface, muft perform its period in lefs than 
an hour and half, whereas the earth turns round but once 
in a day ; and in the cafe of the waters keeping pace with 
the moon it fhould turn round but once in a month: fo 
that the real motion of the water is between the motions re- 
quired in thefe two cafes. Again, if the waters moved round 
as fwiftly as the farft cafe required, their weight would be 
wholly taken off by their motion; for this cafe fuppofes 
the body to move fo, as to be kept revolving in a circle 
round the earth by the power of gravity without preffing 
on the earth at all, fo that its motion juft fupports its weight. 
But if the power of gravity had been only 3; part of 
what it is, the body could have moved thus without pre{- 
fing on the earth, and have been as long in moving round, 
as the earth it felf is. Confequently the motion of the 
earth takes off from the weight of the water in the mid- 
dle between the poles, where its motion is fwifteft, = part 
of its weight and no more. Since therefore in the firft 
cafe the weight of the waters mutt be intirely taken off by 
their motion, and by the real motion of the earth they lofe 
only ,; part thereof, the motion of the water will fo little 
diminifh their weight, that their figure will much nearer re- 
femble the cafe of their keeping pace with the moon than the 

other. Upon the whole, if the waters moved with the 
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velocity’ neceflary to carry a bod¥ round the center of the 
earth at the diftance of the eaffh’s femidiameter without 
bearing on its furface, the watek would be loweft under 
the-moon, and rife gradually as it ntoved on with the earth. 
eaftward, till it came half way toward the place oppofite 
to the moon; from thence it would fubfide again, till it 
came to the oppofition, where it would become as low. as 
at firft; afterwards it would rife again, till it came half 
way to the place under the moon; and from hence it 
would fubfide, till it came a fecond time under the moon. 
But in cafe the water kept pace with the moon, it 
would be highelt where in the other cafe it is loweft, 
and loweft where in the other it is higheft; therefore the 
diurnal motion of the earth being between the motions of 
thefe two cafés, it will caufe the higheft place of the water to 
fall between the places of the greateft height in thefe two 
cafes. The water as it pafles from under the moon fhall 
for fome time rife, but defcend again before it arrives half 
way to the oppofite place, and fhall come to its leaft 
height before it becomes oppofite to the moon; then it fhall 
rife again, continuing fo to do till it has paffed the place 
oppofite to the moon, but fubfide before it comes to the 
middle between the places oppofite to and under the moon ; 
and Jaftly it fhall come to its loweft, before it comes a fe- 
cond time under the moon, If A (in fig. 111, 113, 114.) 
reprefent the moon, Bthecenterof the earth, theovalC DEF 
in fig. 112. will reprefent the fituation of the water in the 
firft cafe; but if the water kept pace with the moon, 


the line CDEF in fig. 113. would reprefent the fitua- 
Pp tion 
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tion of the water ; but the line CDEF in fig, 114. will re- 

_prefent the fame in ej motion of the water, as it 
accompanies the earth ye its diurnal rotation: in all thefe 
figures C and E being the places where the water is low- 
eft, and D and F the places where it is highelt. Purfu- 
ant to this determination. it is found, that on the fhores, 
which lie expofed to the open fea, the high water ufually 
falls out about three hours after the moon has paffed the 
meridian. of each place. 


22. Ler this fuffice in general for explaining the man- 
ner, in which the moon acts upon the feas. Itis farther 
to be noted, that thefe effects are greateft, when the moon. 
is over the earth’s equator *, that is, when it fhines perpen- 
dicularly upon the parts of the earth in the middle between 
the poles. For if the moon were placed over either of the 
poles, it could have no-effecét upon the water to make it afcend 
and defcend.. So that when the moon. declines from the e~ 
quator toward either pole, it’s action muft be fomething. 
diminifhed, and that the more, the farther it declines, 
The tides. likewife will be greateft, when the moan is: 
neareft to.the earth, it's aétion being then. the ftrongeft.. 


23. Tuus much of the a@ion of the moom. That: 
the fun fhould produce the very, fame effects, though jin: 
a lefs degree, is.too obvious to require a particular. expla~ 
gation :. but as was remarked before, this aGion of. the: 

* Sev. below § 44... 
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fun being weaker than that of the moon, will caufe the 
tides to follow more nearly the gioon’s courfe, and princi- 
pally fhew it felf by heightenitlg or diminifhing the ef- 
feéts of the other luminary. Whic& is the occafion, that 
the higheft tides are found about the conjunétion amd oppo- 
fition of the luminaries, being then praduced by their uni- 
ttd action, and the weakeft tides about the quarters of 
the moon ; becaufe the moon in this cafe raifing the water 
where the fun deprefles it, and depreffing it where the 
fun raifes it, the ftronger action of the moon is in part 
retunded and weakened by that of the fun. Our author 
computes that the fun will add near two feet to the height 
of the water in the firft cafe, and in the other take from 
it as much. However the tides in both comply with the 
fame hour ef the moon. But at other times, between 
the conjunction or oppofition and quarters, the time de- 
viates from that forementioned, towards the hour in which 
the fun would make high water, though ftill it keeps much 
nearer to the moon’s hour than to the fun’s. 


24. AcAin the tides have fome farther varieties from 
the fituation of the places where they happen northward 
orfouthward. Let pP-(in fig. 115.) reprefent the axis, on 
which the earth daily revolves, let 4 PHP reprefent the 
figure of the water, and let #BND be a globe infcri- 
bed within this figure. Suppofe the moon to be advanced 
from the equator toward the north pole, fo that 4H the 
axis of the figure of the water pAHPEA {hall decline 
towards the north pole N; take any place G nearer to 

Pp2 the 
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the north pole than to(the fouth, and from the center 
of the earth C draw CGE, then will GF denote the altitude 
to which the water is raifeyl by the tide, when the moon is 
above the horizon: iny<he {pace of twelve hours, the earth 
‘having parned half round its axis, the place G will be removed 
tog;. but the axis 4 H will have kept its place preferving its 
fituation in refpect of the moon, at leaft will have moved no 
more than the moon has done in that time, which it is not 
neceflary here to take into confideration. Now in this cafe 
the height of the water will be equal to gf, which is 
not fo great as GF. But whereas GF is the altitude at 
high water, when the moon is above the horizon, g / will 
be the altitude of the fame, when the. moon is under the 
horizon. ‘The contrary happens toward the fouth pole, for 
KL islefsthankZ Hence is proved, that-when the moon 
declines from the equator, in thofe places, which are on 
the fame fide of the equator as the moon, the tides are 
greater, when the moon is above the horizon, than when 
under it; and the contrary happens on the other fide of 
the equator. 





25. Now from. thefe principles may be explained all 
the known appearances.in the tides; only by the affift- 
ance of this additional remark, that the fluctuating moti- 
en, which the water has in flowing and ebbing, is of .a 
durable nature, and would continue for fome time, though 
the action of the luminaries fhould ceafe; for this prevents 
the difference. between the tide. when. the: moon is above 


the 
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the horizon, and the:tide when. the moon isbelow it from 
being fo great, as the rule:laid doayn requires. “This likewife 
makes the greateft tides not edly open the new and full 
moon, but to be a.tide or two after) as at Briftol and Ply- 
mouth they are found the third after. 


© 26. Tuis doétrine farther fhews us, why not only the 
fpring tides fall out about the new and full moon, and’ the 
neap tides about the quarters; but likewife how it comes 
to pafs; that the greateft {pring tides happen about the equi- 
noxes; becaufe the luminaries are then one of them over the 
equator, and the other not far from it. It appears too, why 
the neap tides, which accompany thefe, are the leaft of all; 
for the fun ftill continuing over the equator continues to have 
the greateft power of leffening tlie moon’s action, and the 
moon in the quarters being far removed toward one of the 
poles, has its power thereby weakned. 


2% Moreover the action of the moon being ftronger; 
when near the earth, than when more remote; if the moon, 
when. new fuppofe, be at its neareft diftance from the earth, 
it fhall.when at the full be fartheft off; whence it is, that 
two of the very largeft {pring tides do-never. immediately: 
fucceed each other.. 


28. Because the fun in its paflage from the winter: 
folftice to the funimer recedes from the earth, and paffing 
from the fummer folftice to the winter approaches it, and 
is therefore: ncarer the earth before the vernal equinox than 

after, ; 
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after, but nearer after thd autumnal equinox than before ; 
the greateft tides oftner-precede the vernal equinox than 
follow it, and in the ayfumnal equinox on the contrary 
they oftner follow it come before it. 


29. Tue altitude, to which the water is raifed in the 
/openocean, correfponds very wellto the forementioned calcus 
lations ; for as it was fhewn, that the water in {pring tides 
fhould rife to the height of 10 or 11 feet, and the neap 
tides to 6 or 7; accordingly in the Pacific, Atlantic and 
Ethiopic oceans in the parts without the tropics, the 
water is obferved to rife about 6, 9, 12 or Iy feet. In the 
Pacific ocean this elevation is {aid to be greater than in the 
other, as it ought to be by reafon of the wide extent of 
that fea. For the fame reafon in the Ethiopic ocean be- 
tween the tropics the afcent of the water is lefs than with- 
out, by reafon of the narrownefs of the fea between the 
coafts of Africa and the fouthern parts of America, 
And iflands in fuch narrow feas, if far from fhore, have 
lefs tides than the coafts. But now in thofe ports where 
the water flows in with great violence upon fords and fhoals, 
the force it acquires by that means will carry it to a much 
greater height, fo as to make it afcend and defcend to 30, 
40 oreven so feet and more; inftances of which we have 
at Plymouth, and in the Severn near Chepftow ; at 
St. Michael’s and Auranches.in Normandy ; at Cambay and 
Pegu in the Eaft Indies. 


30. AGatn the tides take a confiderable time in paffing 
through long ftraits, and fhallow places. Thus the tide, 
which 
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whic is: made on the weft coaft of Ireland and on the 
coaft. of Spain at the third hour ‘after the moon’s coming 
to tlie meridian, in the ports e&ward toward the Britith 
channel falls out later, and as the paffes up that chan- 
nel ftill later and later, fo that the tide takes up ve, 
hours in coming up to London bridge. 


31. In the laft place tides may come to the fame port 
from different feas, and’ as they may interfere with each 
other, they will produce particular effects, Suppofe the 
tide from one fea come to a port at the third hour after 
the moon’s pafling the meridian of the place, but from. 
another fea to take up fix hours more in its paflage. Here 
one tide will make high water, when by the other it fhould 
be loweft; fo that when the moon is over the equator, and. 
the two tides are equal, there will be no rifing and falling 
of the water at all; for as much as the water is carried off 
by one tide, it will be fupplied by the other. But when the 
moon declines from the equator, the fame way as the poit 
is fituated', we have {hewn that of the two tides of the 
ocean, which are. made.each day, that tide, which.is made 
when: the moon is above the horizon, is greater than the 
other.. Therefore in this cafe, as four. tides come to this 
port each day the two greateft will come on the third, .and 
on.the ninth hour after the moon’s pafling the meridian, , 
and the. two leaft at the. fifteenth and at. the twenty firft 
hour. Thus fromthe third te the. ninth hour more water. 
will be in this port by the two greateft tides than from: 


the. ninth to.the fifteenth, or. from the twenty firft to the: 
following - 
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following third hour, where the water is brought by one 
great.and one {mall tide-; but yet there will be more 
water brought by hf than what will be found be- 
tween the two leaft tidés, that is, between the fifteenth and 
Bwenty Ark hour. Therefore in the middle between the 
third and ninth hour, or about the moon’s fetting, the wa- 
ter will be at its greateft height; in the middle between the 
ninth and fifteenth, as alfo between the twenty firft and 
following third hour it will have its mean height; and be 
loweft in the middle between the fifteenth and twenty firft 
hour, that is, at the moon’s rifing. Thus here the water 
will have but one flood and one ebb each day. When the 
moon is on the other fide of the equator, the flood will be 
turned. into ebb, and the ebb into flood ; the high water fall- 
ing out at the rifing of the moon, and the'low water at 
the fetting. Now this is the cafe of the port of Batfham 
in the kingdom of Tunquin in the Eaft Indies; to which 
port there are two inlets, one between the continent and the 
iflands which are called the Manillas, and the other between 
the continent and Borneo. 


32. THe next thing to be confidered is the effet, which 
thefe fluids of the planets have upon the folid part of the 
bodies to which they belong. And in the firft place I 
fhall thew, that it was neceflary upon account of thefe fluid 
parts to form the bodies of the planets into a figure fome- 
thing different from that of a perfect globe. Becaufe the 
diurnal rotation, which our earth performs about its axis, 
and the like motion we fee in fome of the other. planets, 


which 
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whith is an ample conviction that they all do the like) will 
diminith the force, with which bodies are attraGed upon 
all the parts of their furfaces, \except at the very poles, 
upon which they turn. Thus a\Gone or other weighty 
fubftance ‘refting upon the furface of the earth pr the 
force which it receives from the motion communicated to 
it by the earth, if its weight prevented not, would con- 
tinue that motion in a ftraight line from the point where 
it received it, and according to the direction, in which it 
was given, that is, in a line which touches the furface at 
that point; infomuch that it would move off from the 
earth in the fame manner, as a weight faften’d to a ftring 
and whirled about endeavours continually to recede from 
the center of motion, and would forthwith remove it felf 
to a greater diftance from it, if loofed from the ftring which 
retains it. And farther, asthe centrifugal force, with which 
fuch a weight preffes from the center of its motion, is 
greater, by how much greater the velocity is, with which 
it moves; fo fuch a body, as I have been fuppofing to lie 
on the earth, would recede from it with the greater force, 
the greater the velocity is, with which the part of the 
earth’s furface it refts upon is moved, that is, the farther 
diftant it is from the poles. | But now the power of gravity 
is great enough to prevent bodies in any part of the earth 
from being carried off from it by this means; however it is 
plain that bodies having an cffort contrary to that of gravity, 
though much weaker than it, their weight, that 1s, the de- 
gree of force, with which they are preffed to the earth, 
will be diminifhed thereby, and be the more diminifhed, 


Qq the 
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the greater this contrary effort is; or in other wna d the 
fame body will weigh heavier at either of the poles, than 
upon any other part of yhe earth; and if any body be 
removed from the pole towards the equator, it will lof 
“OP ite-echzhi more and more, and be lighteft: of all as 
the equator, that is, in the middle between the poles. 


33. Tus now is eafily applied to the waters of the feas, 
and {hews that the water under the poles will prefs more forci- 
bly to the earth, than at or near the equator: and confequent- 
ly that which prefles leaft, mutt give place, till by afcend- 
ing it makes room for receiving a greater quantity, which by 
its additional weight may place the whole upon a ballance. 
Toilluftrate this more particularly I thall make ufe of fig. 116 
In which let ACBD be acircle, by whofe revalution about 
the diameter AB a globe fhould be formed, reprefenting a 
globe of folid earth. Suppofe this globe covered on all fides 
with water to the fame height, fuppofe that of EA or BF, 
at which diftance the circle EGFH furrounds the circle 
ACBD;; then it is evident, if the globe of earth be at reft, 
the water which furrounds it will reft in that fituation. 
But if the globe be turned inceflantly about its axis AB, 
and the water have likewife the fame motion, it is alfo 
evident, from what has been explained, that the water be- 
tween the circles EHFG and ADBC will remain no longer 
in the prefent fituation, the parts of it between H and D, and 
between G and C being by this rotation become lighter, than 
the parts between E and A and between Band F; {fo that the 
water over the poles A and B muft of neceflity fubfide, and the. 

water 
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ain be accumulated over Dand C, till the greater quan- 
tity in thefe latter places fupply the defect of its weight. 
This would be the cafe, were the globe all covered with 
water. And the fame figure of the furface would alfo be, 
preferved; if fome part of the water ajeimeng to~the-glubé 
in any part of it wefe turned into folid earth, as is too 
‘evident to need any proof; becaufe the parts of the water 
remaining at reft, it is the fame thing, whether they con- 
tinue in the ftate of being eafily feparable, which denomi- 
nates them fluid, or were to be confolidated together, fo 
as to make a hard body: and this, though the water fhould 
in fome places be thus confolidated, even to the furface of it. 
Which fhews that the form of the folid part of the earth makes 
no alteration in the figure the water will take: and by 
confequence in order to the preventing fome parts of the 
earth from being entirely overflowed, and other parts 
quite deferted, the folid parts of the earth muft have gi- 
ven them much the fame figure, as if the whole earth were 
covered on all fides with, water. 


34. Fartuer, I fay, this figure of the earth is the 
fame, as it would receive, were it entirely a globe of wa- 
ter, provided that water were of the fame denfity as the fub- 
ftance of the globe. For fuppofe the globe ACBD to be 
liquified, and that the globe EHFG, now entirely water, 
by its rotation about its axis fhould receive fuch a figure 

as we have been defcribing, and then the globe ACBD 
fhould be confolidated again, the figure of the water 
would plainly not be altered, by fuch a conjolidation. 


Q4qr 35. Bur 
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35.-Bur from this laft obfervation our author isjena- 
bled to determine the proportion between the axis of the 
earth drawn from pole to pole, and the diameter of the e- 
Sa upon the fuppofition that all the parts of the earth are 
al denGty; which he does by computing ir. the firft 
“lace the proportion of the centrifugal force of the parts un- 
der the equator to the power of gravity; and then by con- 
fidering the earth as a f{pheroid, made by the revo- 
lution of an ellipfis about its lefler axis, that is, fuppofing the 
line MILK to be an exact ellipfis, from which it can dif- 
fer but little, by reafon that the difference between the 
leffer axis ML and the greater 1K is but very {mall. From 
this fuppofition, and what was proved before, that all the 
particles which compofe the earth have the attracting power 
explained in the preceding chapter, he finds at what di- 
ftance the parts under the equator ought to be removed from 
the center, that the force, with which they fhall be attracted 
to the center, diminifhed by their centrifugal force, hall 
be fufficient to keep thofe parts in a ballance with thofe which 
lie under the poles. And upon the fuppofition of all the 
parts of the earth having the fame degree of denfity, the 
carth’s furface at the equator muft be above 17 miles more 
diftant from the center, than at the poles*. 


36. Arter this it isfhewn, from the proportion of the 
equatorial diameter of the earth to its axis, how the fame 
may be determined of any other planet, whofe denfity in 


* Newton Prine, Lib, III prop. 19. 


comparifons 
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compatifon of the denfity of the earth, and the time of its 
revolution about its axis, are known, And by the rule de- 
divered for this, it is found, that the diameter of the equa- 
tor in Jupiter fhould bear to its axis about the proportion 
“of Lo to 9%, and accordingly this olan? ap seat oct 
form to the aftronomers. The moft confiderable ef- 
fetts of this {pheroidical figure our author takes likewife 
into confideration ; one of which is that bodies are not equal- 
ly heavy in all diftances from the poles; but near the equa- 
tor, where the diftance from the center is greateft, they are 
lighter than towards the poles: and nearly in this proportion, 
that the aGtual power, by which they are drawn to the center, 
refulting from the difference between their abfolute gravity 
and centrifugal force, is reciprocally as the diftance from 
the center. That this may not appear to contradi@ what 
has before been faid of the alteration of the power of gravi- 
ty, in proportion to the change of the diftance from the cen- 
ter, it is proper carefully to remark, that our author has 
demonftrated three things relating hereto: the firft is, that 
decreafe of the power of gravity as we recede from the 
center, which has been fully explained in the laft chapter, 
upon fuppofition that the earth and planets are perfect 
fpheres, from which their difference is by many degrees too 
little to require notice for the purpofes there intended: the 
next is, that whether they be perfect {pheres, or exactly fuch 
fpheroids as have now been mentioned, the power of yra- 
vity, as we defcend in the fame Jine to the center, is at al] 
diftances as the diftance from the center, the parts of the 


~ 


a Lib. 11’ prop. rg, 


earth. 
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earth above the body by drawing the body soar them 
leffening its gravitation towards the center*; and both 
thefe affertions relate to gravity alone: the third is what 
we mentioned in this is place, that the actual force on different 
me tie-farf.cs$ with which bodies are drawn to the 
center, is in the proportion here affigned °. 





38. Tue next effe& of this figure of the earth is an 
obvious confequence of the former: that pendulums of 
the fame length do not in different diftances from the pole 
make their vibrations in the fame time ; but towardsthe poles, 
where the gravity is ftrongeft, they move quicker than near 
the equator, where they are lefs impelled to the center; and 
accordingly pendulums, that meafure the fame time by their 
vibrations, muft be fhorter near the poles than at a greater 
diftance. Both which dedudtions are found true in fact; of 
which our author has recounted particularly feveral experi- 
ments, in which it wasfound, that clocks exactly adjufted to 
the true meafure of time at Paris, when tranfported nearer to 
the equator, became erroneous and moved too flow, but were 
reduced to their true motion by contracting their pendulums. 
Our author is particular in remarking, how much they loft of 
their motion, while the pendulums remained unaltered ; and 
what length the obfervers are faid to have fhortened them, to 
bring them to time. And the experiments, which appear 
to be moft carefully made, fhew the earth to be raifed in 
the middle between the poles, as much as our author found 
it by his computation ‘. 

2 Lib. I. prop. 73. » Lib, III. prop. 20. © Ibid. 
39. THESE 
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39;\ Tress experiments on the pendulum our author 
has been very exact in examining, inquiring particularly 
how much the extenfion of the rod of the pendulum by 
the great heats in the torrid zone might make it neceflary 
to fhorten it For by an experiment Roi 
another made by Dz 1a Hing, heat, though not very intenfe, 
was found to increafe the length of rods of iron. The ex- 
periment of Picart was made with a rod one foot long» 
which in winter, at the time of froft, was found to increafe 
in length by being heated at the fire. In the experiment 
of Dz ra Hrre a sod of fix foot in length was found, 
when heated by the fummer fun only, to grow to a greater 
‘Yength, than it had in the aforefaid cold feafon. From which 
obfervations a doubt has been raifed, whether the rod of the 
pendulums in the aforementioned experiments was not 
extended by the heat of thofe warm climates to all that 
excefs of length, the obfervers found themfelves obliged 
to leffen them by. But the experiments now mentioned 
fhew the contrary. For in the firft of them the rod of a 
foot long was lengthened no more than : part of what the 
pendulum under the equator mutt be dimninifhed ; and there- 
fore a rod of the length of the pendulum would not have 
been extended above + of that length. In the experiment 
of Dr ta Hirz, where the heat was lefs, the rod of fix foor 
long was extended no more than 3 of what the pendulum 
mutt be fhortened ; fo that a rod of the length of the pen- 
dulum would not have gained above 3 or + of that length. 
And the heat in this latter experiment, though lefs than in the 
former, was yet greater than the rod of a pendulum can or- 

dinarily 
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dinarily contraét in the hotteft country ; for metals refeive a 
great heat when expofed to the open fun, certainly much 
greater than that of a human body. But pendulums are not. 
ufually fo expofed, and without doubt in thefe experiments 
yrare_kepeescel enexigh to appear foto thetouch ;* which they 
would do in the hotteft place, if lodged in the ihade. Our 
author therefore thinks it enough to allow about 4 of the 
difference obferved upon account of the greater warmth of 
the pendulum. 


4.0. Tuere isa third effe&, which the water has on the 
earth by changing its figure, that is taken notice of by. 
our author; for the explaining of which we fhall firft prove, 
that bodies defcend perpendicularly to the furface of the 
earth in all places. The manner of collecting this from ob- 
{ervation, is as follows. The furfaces of all fluids reft paral- 
lel to that part of the furtace of the fea, which is in the fame 
place with them, to the figure of which, as has been parti- 
cularly fhewn, the figure of the whole earth isformed. For 
if any hollow veficl, open at the bottom, be immerfed into 
the fea; itis evident, that the furface of the fea within the 
vefiel will retain the fame figure it had, before the veffel 
inclofed it; fince its communication with the external water 
is not cut off by the veffel. But all the parts of the water. 
being at reft, it isas clear, that if the bottom of the veffel 
were clofed, the figure of the water could receive no change 
thereby, even though the veffel were raifed out of the 
{ca; any more than from the infenfible alteration of the 
power of gravity, confequent upon the augmentation of. 

the 
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defcehd in lines perpendicular to the furfaces of quiefcent Au- 
ids; for if the power of gravity. did not act perpendicular- 
ly to the furface of fluids, bodies which fwim on them 
could notreft, as they are feen to do SNeecauhopebethe poser 
of gravity drew fuch bodies in a direétion oblique to the 
furface whereon they lay, they would certainly be pot in 
motion, and be carried to the fide of the veffel, in whic! 
the fluid was contained, that way the action of gravity 1m- 
clined. 


4.1: Hence it follows, that as we ftand, our bodies are 
‘perpendicular to the furface of the earth. Therefore in 
going from north to fouth our bodies do not keep in a 
parallel diregtion. Now in all diftances from the pole the 
fame length gone on the earth will not make the fame 
change in the pofition of our bodies, but the nearer we 
are to the poles, we muft go a greater length to caufe the 
fame variation herein. Let MILK (in fig. 117) reprefent 
the figure of the earth, M,L the poles, I,K two op- 
pofite points in the middle between thefe poles. Let TV 
and PO be two arches, T V being moft remote from the pole 
L; draw TW, VX, PQ, OR, each perpendicular to the 
furface of the earth, and let TW, VX meet in Y, and 
PQ, OR inS. Here it is evident, that in pafling from v to 
T the pofition of a man’s body would be changed by the 
angle under TY V, for at V he would ftand in the line YV 
continued upward, and at T in the line YT; but in pafling 


from Oto P the pofition of his body would be changed by 
i the 
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the angle under OSP. Now I fay, if thefe two anglfs are 
equal the arch OP is longer than Tv: for the figure MILK 
being oblong, and IK longer than ML, the figure will be 
more incurvated toward I than toward L; fo that the lines 
Tw_and yx will pxet in Y before they are drawn out to 
fo great a length as the lines PQ and OR muft be continued 
to, before they will meet in S. Since therefore YT and 
YV are fhorter than PS and SW, TV muft be lefs than OP. 
If thefe angles under TY V and OSP are each ; part of 
the angle made by a perpendicular line, they are faid each 
to contain one degree. And the unequal length of thefe 
arches O'P and VT gives occafion to the affertion, that in 
paffing from north to fouth the degrees on the earth’s fur- 
face are not of an equal length, but thofe near the pole 
longer than thofe toward the equator. For the length of 
the arch on the earth lying between the two perpendiculars, 
which make an angle of a degree with each other, is 
called the length of a degree on the earth’s furface. 


42. Tis figure of the earth has fome effect on eclipfes. 
It has been obferved above, that fometimes the nodes of the 
moon’s orbit lie in a ftraight line drawn from the fan to 
the earth; in which cafe the moon will crofs. the plane of 
the earth’s motion at the new and full. But whenever the 
moon pafies near the plane at the full, fome part of the 
earth ‘will intercept the fun’s light, and the moon fhining 
only with light borrow’d from the fun, when that light is 
prevented from falling on any part of the moon, fo much 
of her body will be darkened. Alfo.when the moon at the 


new 
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new & near the plane of the earth’s motion, the inhabitants 
on fdme part of the earth will fee the moon come under 
the fun, and the fun thercby be covered from them cither 
wholly or in part. Now the figure, which we have fhewn 
to belong’to the carth, will occafion “ti€"thadow “6t ‘the 
earth on the moon not to be perfectly sound, but caufe the 
diameter from eaft to weft to be fomewhat longer than the 
diameter from north to fouth. In eclipfes of the fun this 
figure of the earth will make fome little difference in the 
place, where the fun fhall appear wholly or in any given 
part covered. Let ABCD (in fig. 118.) reprefent the earth, 
AC the axis whereon it turns daily, E the center. Let FAGC 
‘reprefent a perfect globe infcribed within the earth. Let HI 
bea line drawn through the centers of the f{unand moon, crof- 
fing the furface of the earth in K, and the furface of the 
globe inicribed in L. Draw EL, which will be perpendicular 
to the furface of the globe in L: and draw likewife KM, 
fo that it fhall be perpendicular to the furface of the earth 
in K. Now whereas the eclipfe would appear central at L, 
if the earth were the globe AGCF, and does really appear 
foat K; I fay, the latitude of the place K on the real earth 
is different from the latitude of the place L on the globe 
FAGC, What is called the latitude of any place is determined 
by the angle which the line perpendicular to the furface of 
the earth at that place makes with the axis; the difference 
between this angle, and that made by a perpendicular linc or 
{quare being called the latitude of each place. But it might 
here be proved, that the angle which KM makes with MC 
js lefs, than the angle made between LE and FC:  confe- 

| Rr2 quently 
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quently the latitude of the place K is greater, than tlie la- 
titude, which the place L would have. 


43- Tue next effet, which follows from this figure of 
the earth, is that gradual change in the diftance &f the fix- 
ed ftars from the equinoétial points, which aftronomers ob- 
ferve. But before this can be explained, it is neceflary to 
fay fomething more particular, than has yet been done, 
concerning the manner of the earth’s motion round the fun. 


4.4. Ir has already been faid, that the earth turns round 
each day on its own axis, while its whole body is carried 
round the fun once in a year. How thefe two motions 
are joined together may be conceived in fome degree by 
the motion of a bowl on the ground, where the bowl in 
rouling on continually turns upon its axis, and at the fame 
time the whole body thereof is carried ftraight on. But 
to be more exprefs let A (in fig. 119) reprefent the fun 
BCDE four different fituations of the earth in its orbit 
moving about the fun. In all thefe let FG reprefent the 
axis, about which the earth daily turns. The points F,G 
are called the poles of the earth; and this axis is fuppo-~ 
fed to keep always parallel to it felf in every fituation of 
the earth; at leaft that it would do fo, were it not for a 
minute deviation, the caufe whereof will be explained in 
what follows. When the earth isin B, the half HIK will 
be illuminated by the fun, and the other half HLK will 
be in darknefs. Now if on the globe any point be taken 


in 
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in middle between the poles, this point fhall defcribe 
by the’ motion of the globe the circle MN, half of which 
is in the enlightened part of the globe, and half in the 
dark part. But the earth is fuppofed to move round its axis 
with an etprable motion ; therefore “oin~thie-peint of the 
globe the fun will be feen juft half the day, and be invifi- 
Hie the other half. And the fame will happen to every 
point of this circle, in all fituations of the earth during its 
whole revolution round the fun. This circle MN is called 
the equator, of which we have before made mention. 


4.5. Now fuppofe any other point taken on the furface 
of the globe toward the pole F, which in the diurnal re- 
volution of the globe fhall defcribe the circle OP. Here 
it appears that more than half this circle is enlightned by 
the fun, and confequently that in any particular point of 
this circle the fun will be longer feen than lie hid, that is. 
the day will be longer than the night. Again if we con- 
fider the fame circle OP on the globe fituated in D the op- 
pofite part of the orbit from RB, we fhall fee, that here in 
any place of this circle the night will he as much longer 


than the day. 


4.6. Im thefe fituations of the globe of earth a line 
drawn from the fun to the center of the earth will be 
obliquely inclined toward the axis FG. Now fuppole, that 
fach a line drawn from the fun to the center of the earth, 
when in C or BE, would be perpendicular to the axis FG; 


in 


310 Su IsAAc NEwtTon’s  BooxIL 


in which cafes the fun will thine perpendicularly uppn the 
equator, and confequently the line drawn from the ‘center 
of the earth to the fun will crofs the equator, as it paffes 
through the furface of the earth ; whereas in all other fitu- 
ations of the glabe: chis line will pafs through ¢the furface 
of the globe at a diftance from the equator either north- 
ward or fouthward.’ Now in both thefe cafes half the cu= 
cle OP will be in the light, and half in the dark ; and there- 
fore to every place in this circle the day will be equal 
to the night. Thus it appears, that in thefe two oppofite 
fituations of the earth the day is equal to the night in all 
parts of the globe; but in all other fituations this equality 
will only be found in places fituated in the very middle 


between the poles, that is, on the equator. 


47. Tue times, wherein this univerfal equality between 
the day and night happens, are called the equinoxes. Now 
it has been long obferved by aftronomers, that after the 
earth hath fet out from either equinox, fuppofe from E 
(which will be the {pring equinox, if F be the north pole) 
the fame equinox fhall again return a little before the earth 
has made a compleat revolution round the fun. This re- 
turn of the equinox preceding the intire revolution of the 
earth is called the precefiion of the equinox, and is caufed 
by the protuberant figure of the earth. 


4.8. Since the fun fhincs perpendicularly upon the e- 
quator, when the line drawn from the fun to the center 
of the earth is perpendicular to the earth’s axis, in this cafe 


the 
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the pipe which fhould cut through the earth at the e- 
quatory may be extended to pafs through the fun; but it 
will not do fo in any other pofition of the earth, Now 
let us confider the prominent part of the earth about the 
equator, aga folid ring moving with the-varth found the 
fun. At the time of the equinoxes, ,this ring will have 
tht fame kind of fituation in refpe& of the fun, as the 
orbit of the moon has, when the line of the nodes is di- 
rected to the fun; and at all other times will refemble the 
moon’s orbit in other fituations. Confequently this ring, 
which otherwife would keep throughout its motion paral- 
lel to it felf, will receive fome change in its pofition from 
the ‘ation of the fun upon it, except only at the time of 
the equinox. The manner of this change may be under- 
ftood as follows. Let ABCD (in fig. 120) reprefent this ring, 
E the center of the earth, § the fun, AFCG a circle de- 
fcribed in the plane of the carth’s motion to the center EB. 
Here A and C are the two points, in which the earth’s e- 
quator croffes the plane of the earth’s motion; and the time 
of the equinox falls out, when the ftraight line AC con- 
tinued would pafs through the fun. Now Jet us recollect 
what was faid above concerning the moon, when her or- 
bit was in the fame fituation with this ring. From thence 
it will be underftood, if a body were fuppofed to ke mo- 
ving in any part of this circle ABCD, what cffect the acti- 
on of the fun on the body would have toward changing 
the pofition of the line AC. In particular Hf being drawn 
perpendicular to SB, if the body be in any: part of this 
circle between A and H, or between C and J, the line AC 

> would: 


